Objectives: Agricultural related injury has not been explored in Guinea. We aimed to describe the causes of agricultural related injury so as to improve safety practice on farms in Guinea. Methods: A retrospective descriptive analysis was made to present the nonfatal agricultural injuries in Guinea in 2012. Results: In 2012, 40,587 people (36.5/10,000 population) endured the agricultural injuries events in Guinea. The most important agents of injury in descending order included overexertion (30.2%), cutting (22.9%), motor vehicle accidents (9.9%), venomous animal (9.4%) and injury from animal (9.0%). The entire male age groups exhibit the same major cause patterns of farming injury as female for overexertion and strenuous movements, cutting or piercing instrument or object and injury from animal. The reality is that female populations tend to sustained higher agricultural-related to motor vehicle accidents, but less venomous animal and agricultural machinery injuries than male populations. Also, female appeared to sustain hot, caustic, or corrosive object related injury than male except for male aged 65 years and over. Male as well as female aged over 65 years was highly exposed to fall than their younger counterparts. Males slightly bore higher morbidity than females (42.5 vs. 30.8/10,000 population). Conclusions: Cutting or piercing instrument, motor vehicle accidents, venomous animal, and injury from animal which were held accountable for the majority of total injury morbidity risk factors in Guinea. The importance of agricultural risk factors differs by sex and age. Consequently, it is suggested that preventive intervention strategies should be accordingly tailored to reduce farm work-related injuries.
Introduction
The farming has played a major role in human history, as farming progress has been a crucial factor in worldwide socio-economic change. Unfortunately, the farming production system also adversely affects the health and safety of many farmers around the world. About 170,000 farm workers are killed each year and millions more are either seriously injured in workplace accidents [1] [2] . Overseas studies in North America, Australia, and the United Kingdom place agriculture in the top four industries for fatal injury [3] .
Generally, risk factors associated with nonfatal farm injuries can be categorized into two levels: 1) characteristics of the farm environment, and 2) characteristics of the farmer. Studies examining farm environment factors have reported that larger farms, farms with more workers, and farms with higher annual production were associated with higher injury risks for the farmer. With respect to individual risk factors for the farmer, a greater number of hours spent on the farm, full-time farm work, greater cumulative years of farm work experience, and male gender have shown positive associations with higher injury rates [4] . So far, among 20 recently reviewed studies of stress and occupational injuries, we found a statistically significant association (P ≤ 0.05) between stress and injuries, and 12 of the 17 studies with quantitative measures had odds ratios greater than 1.0, indicating that stress increased the risk of injuries [5] . Farm injuries also result in considerable physical and emotional disability and also in direct and indirect economic costs [6] [7] .
After long years of being politically closed, Guinean national agricultural markets have developed thanks to the economic liberalization that began in the 1980s. Since that period, agriculture has been a policy priority for governments, reflecting its importance both in diversifying the economy, long dependent on mining, and in reducing poverty in rural areas, where most of the population live. Agriculture accounts for 24% of the total GDP and employs 84% of the economically active population, whether directly through food and fiber production and processing or indirectly through sales. Much, if not most, farm work, mainly manual in Guinea is performed by family members with women, children, and elderly routinely participating in arduous and hazardous tasks [8] - [11] . The occupational hazards of agriculture in industrialized countries are well documented, but there is very little information on those of under-developed countries, like Guinea [12] . In 2007, previous studies suggested that injury was the fifth leading cause of morbidity burden in Guinea, but we found no specific studies addressing safety in Guinean agriculture [13] .
As with any public health problem, an important first step in preventing farm-related injuries from happening is to effectively document and track those individuals injured and to obtain detailed information about the causes [14] . The resulting finding implies that preventive efforts should be targeted at the underlying risk factors of the farming injuries as such a strategy would improve the cost-effectiveness of the efforts. This study is undertaken to describe the causes of agricultural related injury to improve safety practice on farms in Guinea.
Methods

Data
In this study, we made a retrospective analysis of hospitals records of patients presented at different national health facilities in Guinea with agriculture related injuries, from 01 January 2012 to 31 December 2012. Guinea's health system follows a pyramidal structure with approximately 850 health posts at the bottom, serving several villages each; about 400 health centers at the sub-prefecture level, which provide preventive and curative care and supervise the health posts; 26 prefecture hospitals; seven regional hospitals; and two national hospitals. The Ministry of Health oversees eight regional health directorates, which in turn oversee a total of 38 health prefectures/districts (three to six each). Each health post is staffed by an Agent Technique de Santé, a clinical officer with three years of training. Health centers are staffed by several clinicians, including midwives and doctors [15] .
Individual records of farming related injury events were obtained from the department of health and occupational safety at the Guinean Ministry of Health. The records include record number, date and time of visit, date of birth, sex, circumstances and mechanism of injury, as well as discharge status and diagnoses. The data are routinely collected by physicians and nurses since they already have substantial knowledge of agricultural operations. Qualified statisticians from the Regional and Prefectural Health Departments are responsible for supervising the data collection systems. Data are then sent to the National Ministry of Public Health for storage after validation. Guinea's population was estimated to be 11,121,231 inhabitants in 2012, on the basis of estimates of the 1996 census [15] .
Responses for external cause of injury were classified according to the International Classification of Diseases, 9th revision (ICD-9). ICD-9-CM E-codes used in this analysis included E927 (overexertion and strenuous movements), E919 (agricultural machinery), E880-888 (accidental falls), E828, 906 (injury from animal), E916-918 (striking or struck by objects or persons), E920 (cutting or piercing instrument or object), E810-829 (motor vehicle accidents), E905 (venomous animal or plant), E900 (hot, caustic, or corrosive object), and E928 (other) [16] .
An injury episode was defined as "an unintentional injury that is serious enough to limit the normal activities of a person". A farm-related injury was defined as any injury that occurred on a farm, plot or ranch and resulted from an event related to agricultural production. The child did not need to reside on or be working on the farm to be included. A farm was defined as "any farm, ranch or other agricultural holding that produces at least one of the following agricultural products intended for sale or not: crops, livestock, poultry, animal products, or honey."
Analysis
We made use of the morbidity rates to ascertain the extent of farming related injury, calculated as the number of injury case divided by the population size × 10,000. The age groups in the analysis were 0 -14, 15 -24, 25 -64, and 65+ years. The external causes comprised overexertion and strenuous movements, agricultural machinery, accidental falls, injury from animal, striking or struck by objects or persons, cutting or piercing instrument or object, motor vehicle accidents, venomous animal or plant, hot, caustic, or corrosive object, and others (the remainder of causes). The nine commonest external causes were assessed in order to highlight the most important risk factors for each sex-and age-specific group.
Results
In 2012, 40,587 people (36.5/10,000 population) endured the agricultural injuries events in Guinea ( Table 1) .
Having identified injury among all age groups, we noticed a gradual decrease in injury rates, with 65 years and over population ranking high in morbidity rate (72.1/10,000 population) followed by the 25 -64 years old age group (46.7/10,000 population) and people aged between 25 -64 years old (45.8/10,000 population). Children aged 14 and under carried the lowest nonfatal agricultural injury rate (22.1/10,000 population) ( Table 1) .
Taking notice of the entire population, overexertion and strenuous movement (30.2%), cutting or piercing instrument or object (22.9%), motor vehicle accidents (9.9%), venomous animal or plant (9.4%) and injury from animal (9.0%) were the most important agents of agricultural injury since they already account for 81.4% of the total percentage ( Table 1) .
Male age groups somewhat showed the same patterns of farming injury events with predominant causes of agricultural injury being overexertion and strenuous movements, cutting or piercing instrument or object, venomous animal or plant and injury from animal, except that venomous animal or plant were not prevalent for 15 to 25 age group. Contrary to the remaining age group, Guinean male residents aged 15 -24 years were much more exposed to agricultural machinery where those over 65 years old additionally suffered from fall (Figure  1) .
Although the entire male age groups exhibit the same major cause patterns of farming injury as female for overexertion and strenuous movements, cutting or piercing instrument or object and injury from animal, the reality is that female populations tend to sustained higher agricultural-related to motor vehicle accidents, but less venomous animal and agricultural machinery injuries than male. Also, female appeared to sustain hot, caustic, or corrosive object related injury than male except for male aged 65 years and over. Furthermore, like male aged over 65 years, older female was also highly exposed to fall (Figure 2 ).
Discussion
First of its kind, this study was undertaken to determine the major risk factors which contributed to agricultural injury in Guinea in 2012. The agriculture related injury morbidity rate was 36.7/10,000 population; males slightly bore higher morbidity than females (42.5 vs. 30.8/10,000 population); all age groups were subject to farming injury, with rates ranging from 22.1 to 72.1/10,000 population; overexertion, cutting or piercing instru- ment, motor vehicle accidents, venomous animal, and injury from animal were the five important causes of agricultural injury for the whole population, accounting for 81.4%. When compared to injury rates reported by other studies for other countries, the rates reported here (36.6/10,000 population) appeared to be low. The typical reported nonfatal injury rate among farmers in industrialized countries is around 20/100 [17] - [20] . The reason for these discrepancies in rates might be explained by differences in agricultural injury surveillance systems. Despites the lack of data on agricultural injuries, especially nonfatal injuries, which has been recognized as a problem by a number of researchers, developed countries over the time have had a depth of experience in building strong functional systems to track agricultural injury, when in Guinea, less is known about the work-related injuries control system particularly of the rural people engaged in mostly nonmechanized agriculture [11] [21] [22] .
In the present study, overexertion was the most common external cause. This observation supports the argument, commonly made by injury researchers that accidents do not happen inevitably and by random chance, but are associated with personal and environmental risk factors that may be modified to reduce risk. Our results are in harmony with those reported by a population-based telephone survey addressing farm-work-related injuries among California farm operators that overexertion was the most common cause of farming injuries [23] . To examine this issue in the specific context, overexertion might be due to the predominant reliance of African agriculture on human muscle power [24] - [26] . Additionally, overexertion might have also resulted from certain conditions that Guinea as well as other Sub-Saharan countries farming is subject to such as: a greater impact of global economy on farm size, more extensive participation of family members in the farming operation, seasonal time pressures, dependency on weather conditions, variation in climatic patterns and extending work hours [12] . Cutting or piercing instrument was another important risk factor. This finding may be explained by the combination of overexertion and high persistent reliance of African farming on hand tools [27] . This is in accordance with most of the existing literatures, which suggest that haste and fatigue in conjunction with heavy manual labor would contribute to injury risk [12] [28] [29] .
Our data suggest that male experienced farming injury about 1.4 times than females, far smaller as compared to the finding reported elsewhere where male encountered about 6 times more than females [30] . The traditional roles of men in low socio-economic farmers which used to assigned farming task to male and engaged females in household chores are changing in Sub-Saharan Africa since population pressure and off-farm employment opportunities for men have led to an increasing proportion of women becoming de facto farm managers [31] . Other important points rose by this study is high exposure of Guinean male farmers to venomous animal, when female farmers incur considerable injury risk for hot objects and motor vehicle accident suggesting a difference in farm-related injuries and injury risks between male and female, possibly related to differences in exposure in farm work tasks, work patterns and work environments which is sustained by other studies [29] [32] . To some extent, these findings might be due to the fact that in Sub-Saharan Africa including Guinea, the agricultural productivity remains far short of potential, hindered by poverty, drought, low budget allocations to the sector, and in some cases, land degradation and socio-political turmoil. And there are few opportunities for income generation other than farming [33] . These disadvantageous situations make Guinean farmers poor. The financial pressure faced by many farmers impedes the adoption of health and safety behaviors, as financial survival becomes the major concern of the family. Poverty has been shown to be associated with inadequate insurance and poor health care [28] . Although agricultural injury affected almost all age groups because the entire family members worked together irrespective of age, hence there are almost equal chances of younger and older member of the family getting injured, those aged 65 and over had the highest rates. Moreover, this study's results come close to supporting the statement that some occupational injury risks vary with age. Both male and female over 65 years old suffered from fall than their younger counterparts. Some earlier studies also showed similar results, with falls common issue for older workers [4] [34] . Age-related conditions, such as arthritis, vision or hearing problems make farming potentially more dangerous for senior farmers [35] [36] . At the same time, more adolescent farmers were injured in risky activities than were the older ones [21] . This finding suggests that adolescent farmers are more involved in certain kinds of high risk agricultural activities (such as those related to machinery), which increase the frequency and degree of exposure to hazards in farming. In spite of the fact that adolescent farmers lack training and experience and/or that they are greater risk takers in operating machines on the farm. What is more, it is recognized that most farm machines in Guinea as well as in most part in Africa are imported and these are not specially designed to operate in the various Africa regions' specific agro-ecological conditions. In general, they are imported without any standardized testing and evaluation. In addition, it is realized that many of locally manufactured agricultural implements in Africa are of substandard quality. Add to these are insufficient knowledge about management system for repair, maintenance and replacement parts. As a result, low quality machinery leads to financial losses and at times is also unsafe for operation in the fields. Another attribute of machine injury is the usage pattern. So the machine injury victims such as tractor are not only operators but also passengers and occupants of other vehicles [9] [37] .
The data in this paper could underestimate the total rate of farm injuries in Guinea because the study represents only cases requiring admission to health facilities across the country. The lack of a uniform definition for farm-related injury at the national level may have been one of the reasons of underreporting. Secondly, hospital-based data capture the population whose injuries are serious enough to merit admission to hospital. Thirdly, due to the high cost of medical interventions, more and more people began to look to the traditional practitioners for alternatives [31] . This study is also limited by the coding practice which may differ by hospital resulting in a systematic bias in the farming injury coding rate for a given event.
Based on the study findings the following measures are recommended: a legislative regulation of the farm work environment should be formulated for the country; a central authority should be established and charged with responsibility for investigations, data collection, training, publications and prevention of the agricultural health and safety issues in the country; curricula should be developed for the training of farmers, agricultural and health professionals; surveillance systems should be developed to collect information on farm injuries. This could be implemented by including farm injury questions in the agricultural census and by training nurses to probe and collect farm injury and health data from rural patients, which they report to the department of health by the means of monthly reports; a multifaceted approach to increase the use of protective devices by farmers should be implemented; and raising awareness on the need and benefits of using them; more research on the health and safety of Guinean agricultural should be conducted; and interventions should be implemented and the effectiveness of policy, education and preventive approaches should be evaluated. Improvements to agricultural mechanization and the ergonomic conditions of hand tools should be instituted.
Conclusion
In short, this study has revealed that the risk factors such as overexertion, cutting or piercing instrument, motor vehicle accidents, venomous animal, and injury from animal which were held accountable for the majority of total injury morbidity risk factors in Guinea. The importance of agricultural risk factors differs by sex and age. Consequently, suggest preventive intervention strategies should be accordingly tailored to reduce farm workrelated injuries.
